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[57] ABSTRACT

A magnet is provided on the inner circumferential surface of
a hub rotatable about a central axis C of the motor, and a

stator is arranged inside the inner circumferential surface of
the hub to oppose the magnet. The stator core of the stator
is formed by stacking substantially annular, plate-shaped

- core forming members, and has an annular portion arranged
to be coaxial with the central axis, a plurality of winding
portions projecting from the annular portion radially, and
pole portions formed on the extending ends of the respective
winding portions and opposing the magnet. Each winding
portion 1s squeezed in the stacking direction by plastic
formation such that its thickness is smaller than those of the
annular portion and pole portion. A coil is wound on each
squeezed winding portion.

7 Claims, 8 Drawing Sheets
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SPINDLE MOTOR HAVING RECESSED
STATOR COILS

BACKGROUND OF THE INVENTION

1. Field of the Invention
The present invention relates to a spindle motor, a method

of manufacturing the spindle motor, and a magnetic disk

drive having a spindle motor.
2. Description of the Related Art

In recent years, a so-called brushless DC servo motor is
widely employed as a spindle motor used in a magnetic disk
drive. In particular, in the magnetic disk drive, in order to
decrease the size and increase the capacity of the magnetic
disk drive, a so-called in-hub type spindle motor having a
magnetic circuit portion in a hub that supports a magnetic
disk is used to improve the space efficiency. |

As such an in-hub type spindle motor, a motor having a
double-sided support structure and a motor having a canti-
levered support structure are provided. With the spindle
motor having a double-sided support structure, a hub serving
as a rotor is rotatably supported through a bearing by a
stationary support shaft provided upright on the bottom wall
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20

of the magnetic disk drive, and the upper end of the support

shaft is connected to the cover of the magnetic disk drive,
thereby improving the rigidity of the stationary portions
including the support shaft.

In the spindle motor having a cantilevered support
structure, a bearing is provided in a cylindrical support
projecting from the bottom wall of a magnetic disk drive,
and a shaft integrally formed with the central portion of a
hub that serves as a rotor is rotatably supported by the
bearing.

Usually, the magnetic circuit portion of the spindle motor
of these types is constituted by a back yoke, a magnet, a
stator core, and coils, and is disposed between the inner
circumferential surface of the hub and the bearing. The back
yoke is integrally formed with the circumferential wall of
the hub, and the magnet is formed annularly and is fixed to
the inner circumferential surface of the hub,

Regarding the stator core, for example, a silicon steel
plate having a thickness of 0.2 to 0.4 mm is press-cut to form
a core member having a predetermined shape. A plurality of
core members cach obtained in this manner are stacked,
thereby forming the stator core. The stator core has an inner
cylindrical portion, a plurality of winding portions extending
radially from the outer surface of the cylindrical portion, and
wide end portions located at the extending ends of the
respective winding portions. Slits are formed between adja-
cent winding portions. A coil is wound on thc outer surface
of each winding portion.

The upper and lower end portions of the coil wound on
each winding portion project from the upper and lower
surfaces, respectively, of the stator core. Hence, the effective
thickness of the magnetic circuit portion becomes a sum of
the projecting heights of the upper and lower end portions of
the coil to the thickness of the stator core in the stacking
- direction. When designing a spindle motor, the stacking
height of the stator core must be designed by considering the
projecting heights of the end portions of the coils. In
particular, when decreasing the size of the magnetic disk
drive, the stacking thickness or height of the stator core is

limited within a predetermined range as it largely influences

the thickness of the entire spindle motor and the thickness of
the magnetic disk drive.

'To increase the capacity of the magnetm disk drive, the

number of mounted magnetic disks must be increased. As.
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the number of mounted magnetic disks is increased, the
magnetic circuit efficiency, in particular the torque
characteristics, of the spindle motor must be improved.
Various methods are possible to improve the torque charac-
teristics of the spindle motor, i.e., the torque characteristics
of the magnetic circuit portion. Among these methods, one
effective method is to increase the stacking thickness of the

stator core, thereby increasing the motor constant.

More specifically, the motor constant is described by
(torque constant)/(coil resistance)'’%, and is proportional to
the Y2th or %th power of the stacking thickness of the stator
core depending on the width and stacking thickness of the
stator core. Accordingly, to increase the stacking thickness
of the stator core is effective in increasing the motor con-
stant.

As described above, however, the space in the magnetic
disk drive where the spindle motor can be set is limited, and
the stacking thickness of the stator core is limited accord-
ingly. Further, the heights of the end portions of the coil
wound on each winding portion of the stator core are added
to the effective stacking thickness of the stator core, making
it further difficult to increase the stacking thickness of the
stator core.

In particular, in a low-profile spindle motor, i.c., in a
spindle motor having a stator core with a small stacking
thickness, the projecting heights of the end portions of the
coil occupy a large proportion in the height of the entire
magnetic circuit portion. This serves as a major obstacle in
increasing the stacking thickness of the stator core.

Due to the above reasons, the conventional spindle motor
has varied problems when improving its torque
characteristics, and it is difficult to improve the torque
characteristics without increasing the entire thickness.

SUMMARY OF THE INVENTION

The present invention has been made in view of the above
problems, and has as its object to provide a spindle motor
capable of improving its magnetic circuit characteristics
without increasing its entire thickness, a method of manu-
facturing the spindle motor, and a magnetic d13k drive
having this spindle motor.

In order to achieve the above object, according to the
present invention, there is provided a spindle motor com-
prising a rotor supported to be rotatable about a central axis
and having an inner circumferential surface provided with a
magnet, and a stator provided inside the inner circumferen-
tial surface to oppose the magnet. The stator core of the
stator has an annular portion arranged to be coaxial with the
central axis, a plurality of winding portions projecting from
the annular portion radially with respect to the central axis,
and pole portions formed on the extending ends of the
winding portions and opposing the magnet.

Each winding portion is squeezed in the direction of the
central axis by plastic formation such that its thickness in the
direction of the central axis is smaller than those of the
annular portion and pole portion. A coil is wound on each
squeezed winding portion.

In the spindle motor having the above arrangement, each
winding portion of the stator core is squeezed to have a
thickness smaller than those of the annular portion and pole
portion. Thus, when a coil is wound on each winding
portion, the coil end portions in the axial direction of the
stator core arc entirely or at least partly embedded in the
stator core, and the projecting heights of the coil end
portions from the upper and lower surfaces of the stator core
are greatly reduced. Therefore, the thickness of the stator
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core itself in the axial direction can be increased without
increasing the entire height of the magnetic circuit portion
including the stator and the coil. Because of the increase in
thickness of the stator core, the magnetic circuit character-
istics are improved without increasing the thickness of the
entire spindle motor.

To set the same magnetic circuit characteristics as in the
conventional spindle motor, the winding portions of the
stator core are squeezed to decrease the projecting amounts
of the coil end portions that project from the stator core, so
that the thickness of the entire stator is decreased, thereby

decreasing the size of the spindle motor.

According to the present invention, there is also provided
a method of manufacturing a spindle motor including a rotor
supported to be rotatable about a central axis and having an
inner circumferential surface provided with a magnet, and a
stator arranged inside the inner circumferential surface to
oppose the magnet, the method comprising the steps of:

forming a substantially annular stator core having an
annular portion, a plurality of winding portions extend-
ing from the annular portion radially outward with
respect to the central axis, and pole portions formed on
extending ends of the winding portions and opposing
the magnet; squeezing each of the winding portions in
a direction of the central axis by plastic formation such
that a thickness thereof in the direction of the central
axis is smaller than those of the annular portion and
each of the pole portions; and winding a coil on each
squeezed winding portion, thus constituting a stator.

When a stator core is formed by stacking a plurality of
core forming members, after the core forming members are
stacked, each winding portion is squeezed to be thin, and
thereafter a coil is wound on each winding portion, thereby
forming a stator.

According to the method of manufacturing the spindle
motor, since the winding portions are squeezed in advance
of winding coils on them, deformation in stator core during
plastic formation is prevented to form winding portions
having a small thickness. Deformation in the stator core
during plastic formation can be prevented easily by, e.g.,
squeezing the winding portions while the inner and outer
circumferential sides of the stator core are respectively held
with jigs. |

Furthermore, according to the present invention, there is
provided a magnetic disk drive comprising a magnetic disk,
a spindle motor for rotating the magnetic disk, and
recording/reproducing means for recording/reproducing
information on/from the magnetic disk. The spindie motor
includes a rotor arranged to be rotatable about a central axis,
having an inner circumferential surface on which a magnet
is provided, and supporting the magnetic disk, and a stator
arranged inside the inner circumferential surface of the rotor
to oppose the magnet.

The stator core of the stator has an annular portion
arranged to be coaxial with the central axis, a plurality of
winding portions projecting from the annular portion radi-
ally with respect to the central axis, and pole portions
formed on extending ends of the respective winding portions
and opposing the magnet. Each winding portion is squeezed
in the direction of the central axis by plastic formation such
that its thickness in the direction of the central axis is smaller
than those of the annular portion and pole portion. A coil 1s
wound on each squeezed winding portion.

In the magnetic disk drive having the above mentioned
arrangement, each winding portion of the stator core of the
spindle motor is squeezed to have a thickness smaller than

those of the annular portion and pole portion. When coils are -
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wound on these winding portions, the projecting amounts of
the end portions of the coil in the axial direction of the stator
core are decreased. Then, the thickness of the stator core in
the axial direction can be increased without increasing the
entire height of the stator including the coils. Due to the
increase in thickness of the stator core, the magnetic circuit
characteristics can be improved without increasing the thick-
ness of the entire spindle motor.

Since a spindle motor having improved magnetic circuit
characteristics is realized, an increase in starting speed of the
magnetic disk drive, an increase in stability against the load,
and an increase in capacity in accordance with an increase
in the number of mounted magnetic disks can be attained.

To set the same magnetic circuit characteristics as in a
conventional spindle motor, the winding portions of the
stator core are squeezed to decrease the projecting amounts
of the end portions of the coils wound on these winding

portions, so that the thickness of the entire stator is
decreased, thus decreasing the size of the spindle motor.
Then, the entire magnetic disk drive can be formed to have
a low profile. |

Additional objects and advantages of the invention will be
set forth in the description which follows, and in part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out in the
appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate presently
preferred embodiments of the invention and, together with
the general description given above and the detailed descrip-
tion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIGS. 1 to 7 show a magnetic disk drive according to a
first embodiment of the present invention, in which:

FIG. 1 is an exploded perspective view of the magnetic
disk drive,

FIG. 2 is an enlarged sectional view showing a spindle
motor of the magnetic disk drive,

FIG. 3 is a plan view schematically showing a magnetic
circuit portion of the spindle motor,

FIG. 4 is an enlarged perspective view showing part of the
stator of the spindle motor,

FIG. 5 is a perspective view showing part of a stator core
before its winding portion is subjected to pressing,

FIG. 6 is a perspective view showing part of the stator
core after its winding portion is subjected to pressing, and

FIGS. 7A to 7TH are side views schematically showing the
manufacturing steps of the stator and conventional stators;

FIG. 8 is a sectional view showing a jig used in pressing
the stator core;

F1G. 9 1s a perspective view showing an essential part of
a stator core of a spindle motor according to a second
embodiment of the present invention;

FIG. 10 is a perspective view showing essential parts of
core forming members used in a spindle motor according to
a third embodiment of the present invention;

FIG. 11 is a perspective view showing a stator core
obtained by stacking core forming members shown in FIG.
10;

FIG. 12 is a sectional view taken along line XTI—XII of
FIG. 11;
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FIG. 13A is a perspective view showing an essential part
of a first core forming member used in a spindle motor
according to a fourth embodiment of the present invention;

FIG. 13B is a perspective view showing an essential part
of a second core forming member used in the spindle motor
according to the fourth embodiment of the present invention;

FIG. 14 is a perspective view showing a stator core
formed by stacking the first and second core forming mem-
bers;

FIG. 15 is a sectional view taken along line XV—XV of
FIG. 14; |

FIG. 16A is a perspective view showing an essential part
of a first core forming member used in a spindle motor
according to a fifth embodiment of the present invention;

FIG. 16B is a sectional view taken along line XVI—XVI
of FIG. 16A;

FIG. 16C is a perspective view showing an essential part
of a second core forming member used in the spindle motor
according to the fifth embodiment of the present invention;

FIG. 17 is a partially sectional side view showing the
arrangement of the first and second core forming members

of the fifth embodiment; |

FIG. 18 is a partially sectional side view of a stator core
formed by stacking the first and second core forming mem-
bers of the fifth embodiment; and

FIG. 19 is an enlarged sectional view of a spindle motor
portion of a magnetic disk drive comprising a high-profile
spindle motor according to a sixth embodiment of the
present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Magnetic disk drives having spindlc motors according {o
the preferred embodiments of the present invention will be
described with reference to the accompanying drawings.

As shown in FIG. 1, a magnetic disk drive has a housing
10. The housing 10 has a main body 12 formed in a
rectangular box-like shape with an upper end opening. More
specifically, the main body 12 includes the main body
having a rectangular bottom wall and side walls provided
upright on the side edges of the bottom wall, and a top cover
14 fixed to the main body 12 with a plurality of screws 11
to close the upper end opening of the main body 12. A
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packing 13 is interposed between the top cover 14 and the

main body 12.

A magnetic disk 16, a rotating mechanism 18, a pair of
magnetic head assemblies 20, a carriage assembly 22, a
voice coil motor 24, a preamplifier 21, and the like are
housed in the housing 10. The magnetic disk 16 serves as a
magnetic recording medium. The rotating mechanism 18
supports and rotates the magnetic disk 16. Each of the pair
of magnetic head assemblies 20 has a magnetic head that
serves as recording/reproducing means for recording/
reproducing information on/from the magnetic disk 16. The
carriage assembly 22 pivotally supports these magnetic head
assemblies 20. The voice coil motor 24 rotates and positions
the carriage assembly 22. A printed circuit board (not
shown) for controlling the operations of the rotating mecha-
nism 18, the voice coil motor 24, and the magnetic head
assemblies 20 is fixed to the outer surface of the main body

12 with screws, to oppose the bottom wall of the main body
12.

As shown in FIG. 2, the rotating mechanism 18 has a
spindle motor 25 using a brushless DC servo motor. The
spindle motor 25 has a bracket 27 which is fitted in a through

50
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hole 26 formed in the bottom wall 12a of the housing 10 and
fixed to the bottom wall 124 with a plurality of screws. A
cylindrical support 28 is integrally formed with the central
portion of the bracket 27 to project upward from the bracket
27. Ahub 30 serving as the rotor of the spindle motor 25, and
a stator 32 are supported by the support 28.

More specifically, the hub 30 integrally has a cylindrical
circumferential wall 34 and a shaft portion 35 coaxially

provided inside the circumferential wall 34. The shaft por-
tion 35 is inserted in the support 28 and supported by it

through a pair of ball bearings 36. Accordingly, the hub 30
15 supported by the support 28 to be rotatable about a central
axis C. The circumferential wall 34 has an annular flange 37
projecting outward in the radial direction. An annular mag-
net 38 forming part of a magnetic circuit (to be described
later) 1s fixed to the inner circumferential surface of the
circumferential wall 34. The hub 30 is made of a magnetic

material, and the circumferential wall 34 has a function of a
back yoke.

The magnetic disk 16 has an inner hole at its central
portion, and is placed on the bracket 27 such that the upper
end portion of the hub 30 is fitted in this inner hole. A
disk-shaped clamper 39 consisting of a plate spring is
mounted on the upper end of the hub 30 with a screw 40, and
the inner peripheral portion of the magnetic disk 16 is
clamped between the peripheral edge portion of the clamper
39 and the flange 37. Thus, the magnetic disk 16 is held on
the hub 30 and is rotatable together with the hub 30 about the
central axis C. |

The stator 32 of the spindle motor 25 has a stator core 42
fixed to the outer circumferential surface of the support 28
to be located inside the circumferential wall 34 of the hub
30, and a plurality of coils 46 mounted on the stator core 42.

The magnetic circuit of the spindle motor 25 will be
described in detail together with the arrangement of the
stator 32. As shown in FIGS. 2 to 4, the annular magnet 38
is magnetized to have a number of poles, i.c., 12 poles in this
embodiment.

The stator core 42 has an annular or cylindrical portion
43, nine winding portions 44, and pole portions 45. The
annular portion 43 is fitted on the outer circumnferential
surface of the support 28. The nine winding portions 44
extend from the outer circumferential surface of the annular
portion 43 outward in the radial direction with respect to the
central axis C. The pole portions 45 are formed on the
extending ends of the respective winding portions 44. The
winding portions 44 are provided equidistantly in the cir-
cumferential direction of the annular portion 43. A coil 46 is
wound on each winding portion 44. Each pole portion 45 is
formed to be larger than the width of the corresponding
winding portion 44 in the circumferential direction of the
annular portion 43, and opposes the inner circumferential
surface of the magnet 38 with a small gap.

Each coil 46 is electrically connected to the circuit board
(described above) through a fiexible circuit board 47. Hence,
when the coils 46 are energized, a magnetic flux @ generated
by each coil 46 flows through the corresponding winding
portion 44, the corresponding pole portion 45, the magnet
38, the adjacent pole portion 45, the adjacent winding
portion 44, and the annular portion 43. Therefore, the hub 30
is driven by the mutual operations of the formed magnetic

fields to rotate about the central axis C.

The arrangement and the manufacturing method of the
stator core 42 will be described in further detail. In this
embodiment, as shown in FIGS. 5 and 6, the stator core 42
is formed by stacking a plurality of, e.g., six, core forming
members.
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A core forming member 50 is formed substantially annu-
larly by press-cutting a silicon steel plate having a thickness
of about (.2 to 0.4 mm with a pressing machine. Each core
forming member $0 has an annular portion 434, winding
forming portions 44a, and pole portion forming portions 45a
for forming the annular portion 43, the winding portions 44,
and the pole portions 45, respectively, of the stator core 42,
and is formed to have the same planar shape as that of the
stator core 42. The six core forming members S0 have the
same shape and same size.

These core forming members S0 are stacked coaxially
such that their winding forming portions 44a and the pole
portion forming portions 45 positionally coincide with one
another, and are fixed to one another by caulking. As shown
in FIG. 5, when the core forming members 50 are stacked,
the annular portion 43, the winding portions 44, and the pole
portions 45 are located on the same plane, and each winding
portion 44 has a width W1 in the circumferential direction
of the annular portion 43.

Subsequently, the winding portions 44 of the stator core
42 formed by stacking are squeezed by pressing in the axial
direction of the annular portion 43, i.e., from above and
below in the stacking direction. The thickness of each
winding portion 44 in the stacking direction becomes
smalier than the thickness of the annular portion 43 and the
pole portion 45. Upon being squeezed, each winding portion
44 spreads to its two sides in the circamferential direction of
the annular portion 43, and its width W2 becomes larger than
the width W1 before pressing.

When squeezing the winding portions 44 of the stator core
42 by pressing, countermeasures must be taken so that the
inner and outer diameters of the stator core 42 and the shapes
of the pole portions 45 do not change due to the stress
genecrated upon pressing. For this purpose, in this
embodiment, pressing is performed by holding the stator
core 42 with a jig, as shown in FIG. 8.

This jig has an inner jig 53 and an outer jig 55. The inner
jig 83 is formed into a circular column having a diameter
almost the same as the inner diameter of the annular portion
43, and is fitted in the inner hole of the annular portion 43.
The outer jig 55 has a cylindrical portion 57 and a plurality
of projecting portions §9. The cylindrical portion 57 has an
inner diameter almost the same as the outer diameter of the
stator core 42 and is fitted on the outer circumferential
surface of the stator core 42. The projecting portions 59
extend from the inner circumferential surface of the cylin-
drical portion 87 toward the center and can respectively
enter slits among the winding portions 44 of the stator core

42

These projecting portions 89 are formed such that a circle
defined by their distal end portions has a diameter nearly
equal to the outer diameter of the annular portion 43 of the
stator core 42. Each projecting portion 59 has a width
smaller than that of the corresponding slit of the stator core
42. Thus, ecach projecting portion 59 is inserted in the
comresponding slit such that its distal end face abuts against
the outer circumferential surface of the annular portion 43 of
the stator core 42, while maintaining a predetermined gap g
with respect to the winding portions 44 located on its two
sides.

When the winding portions 44 are subjected to pressing
while the inner jig 53 and the outer jig 85 having the above
arrangement are mounted on the stator core 42, the varia-
tions of the inner diameter of the annular portion 43 are
prevented by the inner jig 53, and the variations of the outer
diameter of the annular portion 43 are prevented by the
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projecting portions 89 of the outer jig §5. Any variations of
the outer diameter of the stator core 42, including the
deformation of the pole portions 45, are prevented by the
cylindrical portion 57 and the projecting portions 39 of the
outer jig 55. |

Since the gap g is formed between the winding portions
44 and the projecting portions 59 of the outer jig 55, during
pressing, the winding portions 44 can spread in the circum-
ferential direction of the annular portion 43 by a distance
corresponding to the gap g.

After the above pressing operation is performed, the coils
46 are wound on the corresponding squeezed winding
portions 44, thereby forming the stator 32 shown in FIG. 4.
After winding the coils 46, the stator 32 is subjected to a
surface trecatment with an epoxy-based resin by coating,
electrodeposition, or the like, so that the insulation resis-
tance between the coils 46 and the stator core 42 is ensured.

FIGS. 7A to 7C, and 7E to 7G schematically show the
manufacturing steps of the stator 32 described above. As
shown in FIG. 7A, assuming that the stacking thickness of
the stator core 42 before pressing is defined as S1, the
winding portions 44 of the stator core 42 are squeezed until
their stacking thickness S2 reaches a predetermined value
smaller than the stacking thickness S1 (S2<S1), as shown in
FIG. 7B.

Subsequently, the coil 46 is wound on each winding
portion 44. As shown in FIG. 7C, assuming that the height
or thickness of each end portion of each coil 46 is defined as
L, when the stacking thickness S2 of the squeezed winding
portion 44 is set to (S1-2L), a thickness S of the entire
magnetic circuit portion including the magnet 38 and the
stator 32 after coil winding substantially coincides with the
stacking thickness S1 of the annular portion 43 or the pole
portion 45 of the stator core 42.

FIG. 7D shows a conventional magnet 38' and stator 32'
which is formed by winding coils 46' on winding portions
44' of a stator core 42' formed by stacking four core forming
members. Assuming that the stacking thickness of the stator
core 42’ 1s defined as S2 and that the thickness of each end
portion of the coil 46’ is defined as L, the thickness of the
entire stator 32' is S.

As is apparent from comparison with the conventional
stator 32' shown in FIG. 7D, in the stator 32 of this
embodiment shown in FIG. 7C, when the winding portion
44 of the stator core 42 is formed thin by squeezing, the
thickness L of the coil 46 wound on the winding portion 44
is absorbed entirely or at least partly. Despite that the
number of stacked core forming members is increased from
four to six, the thickness S of the entire stator 32 is
maintained at substantially the same value as that of the
conventional stator 32'.

In the magnetic disk apparatus having the above
arrangement, each winding portion 44 of the stator core 42
of the spindle motor 28 is squeezed in the stacking direction
to be thinner than the stacking thickness of the annular
portion 43 and the pole portion 45, and the coil 46 is wound
on each squeezed winding portion 44. Hence, the stacking
thickness of the stator core 42 can be increased by increasing
the number of core forming members 50 stacked without
increasing the thickness of the entire stator 32, i.e., the
thickness of the spindle motor 25 in the direction of the
central axis C. Accordingly, the torque characteristics of the
spindle motor 25 can be largely improved by increasing the
motor constant without changing the entire height of the
spindle motor 25.

For example, when the number of core forming members
stacked is increased from four to six, as in the embodiment
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described above, assuming that the coil resistance is the
same and the torque constant is proportional to the number
of core forming members stacked, a motor constant km is
improved to 6/4=1.5 times.

 Assume a spindle motor of a conventional arrangement in
which the stator is constructed by winding coils having a coil
end portion I.=0.7 mm on a stator core obtained by stacking
15 core forming members each having a thickness of (.3
mm. When a spindle motor having the same height as that
of the above spindle motor is formed with the arrangement
of the above embodiment, the winding portions of the stator
core are squeezed by an amount to absorb the height 2L of
the upper and lower end portions of the coil, for example, so
that the number of core forming members stacked can be
increased to 19 by 2L/0.3= about 4 without changing the
entire height S of the stator.

In this case, assuming that the coil resistance is the same

and that the torque constant is proportional to the number of
core forming members stacked, the motor constant km is
improved to 19/15=1.27 times. From 15/19=0.79, the wind-

ing portions need only be squeezed to about 80% the
stacking thickness of the stator core.

When the stator core has a large stacking thickness, it is
possible to set a large winding portion squeczing amount.
When, however, the squeezing amount is excessively large,
precision management of the stator core itself becomes
difficult, and swelling of the winding portions in the cir-
cumferential direction becomes excessively large, thus inter-
fering with coil winding. For this reason, the squeezing
amount of the winding portions must be appropriately
- selected as required. Note that the squeezing amount may
well increase upon future developments of the press tech-
nique.

As each winding portion 44 spreads in the circumferential
direction upon being squeezed, its sectional area remains
substantially the same as that obtained before squeezing.
Hence, even if the winding portions are deformed thin by
squeezing, the effective sectional area through which the

magnetic flux flows does not decrease, and a decrease in
magnetic circuit efficiency is not caused.

In the magnetic disk apparatus having the spindle motor
25 of the above arrangement, when the torque characteristics
are improved, as described above, various operations and
effects can be obtained, e.g., reduction in starting time of the
magnetic disk, increase in stability of the rotation of the
magnetic disk against the load, realization of an increase in
capacity in accordance with an increase in number of
mounted magnetic disks, and the like. '

In the above embodiment, the stacking thickness of the
stator core is increased without changing the height of the
spindle motor. However, as shown in FIGS. 7E to 7H, when
a stator core 42 is formed by stacking the same number of,
e.g., four, core forming members, as in the stator 32' of the
conventional spindle motor, with the present invention, the
height S of the entire stator can be decreased to be smaller
than the height S' of the entire stator of the conventional
spindle motor while maintaining the stacking thickness S1
of the stator core 42 at the same level as in the conventional

case. Accordingly, the spindie motor can be made thin if the
torque characteristics of the spindle motor 25 are to be held

at the same level as in the conventional case. As aresult, the
thickness of the entire magnetic disk drive can be decreased.
In the embodiment described above, a spindle motor

whose stator core is formed by stacking a plurality of core
forming members is described. However, a stator core 42
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may be formed of a single plate, as shown in FIG. 9. In this

10

case as well, a stator is formed by squeezing winding

portions 44 of the stator core 42 by pressing to be thinner
than an annular portion 43 and a pole portion 45, and
winding coils on the squeezed winding portions, and opera-
tions and effects identical to those described above can be
obtained. Furthermore, a stator core can also be formed by
stacking a plurality of core forming members each having
the same structure as that of the stator core having squeezed
winding portions 44 as shown in FIG. 9. The same opera-
tions and effects as those described above can be obtained
with this arrangement as well.

FIGS. 10 to 12 show the arrangement and the manufac-
turing method of a stator core 42 of a spindle motor
according to still another embodiment of the present inven-
tion. In this embodiment, as shown in FIG. 10, each core

forming member S0 has an annular portion 43a, winding
forming portions 4da extending from the annuiar portion
43a radially outward, and pole portion forming portions 45a
formed on the extending ends of the respective winding
forming portions 444, and is formed of a thin plate into an
annular shape. Each of the pole portion forming portions 454
has an arcuated shape and is coaxial with the annular portion
43a. Each of the pole portion forming portion 45a is
arranged such that an axis b passing the circumferentially
middle position of the pole portion forming portion 45a is
offset from a central axis a of the corresponding winding
forming portion 44q in the circumferential direction. In
particular, the amount of offset between the central axes a
and b is set to about half the width of the winding forming
portion 44q in the circumferential direction of the annular
portion 43a.

To form a stator core 42, first, core forming members 50
are stacked coaxially such that they alternately face up and
down and their pole portion forming portions 435a are
aligned with each other, and are fixed to each other by
caulking. Then, the winding forming portions 4da of every
two adjacent core forming members 50 are offset from each
other in the circumiferential direction by a distance corre-
sponding to their width.

In this state, as shown in FI(GS. 11 and 12, the winding
portions 44 of the stator core 42 are squeezed by pressing
from above and below in the stacking direction. Hence,
when forming the stator core 42 by stacking, e.g., four core
forming members 50, the winding forming portion 44a of
each of the uppermost and lowermost core forming members
is deformed until it is level with the other adjacent winding
forming portion 44a. Therefore, each winding portion 44
formed by these winding forming portions 44a has a thick-
ness in the stacking direction, which is smaller than the
stacking thickness of the annular portion 43 and the pole
portion 45.

After this pfessing, coils are wound on the respective
thinly squeezed winding portions 44, thereby forming the
stator. |

Also in this still other embodiment having the above
arrangement, the stacking thickness of the stator core 42 can
be increased by increasing the number of core forming
members 50 stacked without increasing the thickness of the
entire stator, i.e., the thickness of the spindle motor in the
direction of the central axis C. Accordingly, the torque
characteristics of the spindle motor can be largely improved
by increasing the motor constant without changing the entire
height of the spindle motor.

In still another embodiment of the present invention
shown in FIGS. 13A to 15, a stator core 42 of a spindle

motor is formed by stacking two types of core forming
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members. More speciﬁcalljf, as shown in FIGS. 13A and
13B. the stator core 42 is formed by using first core forming
members S0a and second core forming members 505.

The first and second core forming members 50a and 505
cach have an annular portion 43q, a plurality of winding
forming portions 4da extending outward from the annular
portion 43a 1n the radial direction, and pole portion forming
portions 45a provided at the extending ends of the winding
forming portions 444, and have the same shape and size
except for its winding forming portions 44a.

Each winding forming portion 44a of each first core
forming member $0q is constituted by a pair of extending
portions 84. These extending portions 54 cxtend between the
annular portion 43a and the pole portion forming portion
45a to be parallel to each other, and are separated from each
other by a predetermined distance d1 in the circumferential
direction.

Each winding forming portion 4da of each second core
forming member 8056 is constituted by a single extending
portion 56 extending between the annular portion 43a and
the pole portion forming portion 45a. A width d2 of the
extending portion $6 in the circumferential direction of the
annular portion 43a is substantially the same as the prede-
termined distance dl.

To form the stator core 42 with the first and second core
forming members $0a and 505, first, a plurality of pairs of
first and second core forming members 50a and 35056 arc
prepared, are stacked coaxially such that their pole portion
forming portions 484 are aligned, and are fixed to each other
by caulking. Hence, the extending portion 36 of each
winding forming portion 44a of each second core forming

member S50b is located to oppose the gap between the pair
of extending portions S4 of the comresponding winding

forming portion 44a of the adjacent first core forming
member 50a.

In this state, as shown in FIGS. 14 and 15, winding
portions 44 of the stator core 42 are squeezed by pressing
from above and below in the stacking direction. Thus, when
- forming the stator core 42 by stacking, e.g., two pairs of first
and second core forming members 50a and 50b, the extend-
ing portions 54 of the winding forming portion 44a of each
of the uppermost and lowermost first core forming members
50a are deformed until they are level with the extending
portion 56 forming the corresponding winding forming
portion 44a of the adjacent second core forming member
50b, and the extending portion 56 of the second core
forming member S0 is accommodated between these pair
of extending portions 54. Accordingly, the winding portions
44 of the stator core 42 formed by these winding forming
portions 44a have a thickness in the stacking direction,
which is smaller than those of an annular portion 43 and the
pole portion 45.

After this pressing, coils are wound on the respective
thinly squeezed winding portions 44, thus forming a stator.

Also in this still other embodiment having the above
arrangement, the stacking thickness of the stator core 42 can
be increased by increasing the number of core forming
members stacked without increasing the thickness of the
entire stator. Accordingly, the torque characteristics of the
spindle motor can be largely improved without changing the
entire height of the spindle motor. Note that the numbers of
first and second core forming members stacked can be
increased or decreased as required.

FIGS. 16A to 18 show still another embodiment in which
a stator core is formed by stacking two types of core forming
members in the same manner as in the above embodiment.
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More specifically, as shown in FIGS. 16A to 16C, a stator
core 42 is formed by using substantially annular first and
second core forming members 50z and 506 each obtained by
press-cutting a thin plate.

The first and second core forming members 50a and 505
cach have an annular portion 43a, a plurality of winding
forming portions 44a extending outward from the annular
portion 43a in the radial direction, and pole portion forming
portions 45a provided at the extending ends of the winding
forming portions 44a, and have the same shape and size.
Each winding forming portion 4da of each first core forming
member 30a is thin as it is squeezed in the direction of the
thickness. by pressing, and its two end portions in the
circumferential direction of the annular portion 43a are
plastic-deformed to spread in the circumferential direction.
The two spread end portions are bent at substantially right
angles in the same direction to form a pair of bent portions
S8.

A gap W1 between the bent portions S8 is set to be
substantially equal to the width of the winding forming
portion before plastic formation, i.e., substantially the same
as a width W2 of each winding forming portion 44a of each
second core forming member 505.

As shown in FIGS. 17 and 18, to form the stator core 42
by using the first and second core forming members $0a and
505, a plurality of, e.g., two, second core forming members
500 are arranged between two first core forming members
50a. The first and second core forrming members 50a and
500 are stacked coaxially such that their pole portion form-
ing portions 454 are aligned, and are fixed to each other by
caulking. At this time, the upper and lower two first core
forming members S0a are stacked such that bent portions 58
of their winding forming portions 44a project toward the
second core forming members 505,

Hence, the winding forming portion 44a of each second
core forming member 30b is fitted between the bent portions
S8 of the corresponding winding forming portion 44q of the
adjacent first core forming member 50a. Accordingly, the
winding forming portions 44a of the two second core
forming members 30b are surrounded by the winding form-
ing portions 44q of the first core forming members 505, and
these winding forming portions 44a form each winding
portion 44 of the stator core 42. The thickness of each
winding portion 44 in the stacking direction is smaller than
those of an annular portion 43 and the pole portion 485,

Also in this still other embodiment having the above
arrangement, the stacking thickness of the stator core 42 can
be increased by increasing the number of core forming
members stacked without increasing the thickness of the
entire stator. Accordingly, the torque characteristics of the
spindle motor can be largely improved without changing the
entirc height of the spindle motor. Since the first core
forming members having the winding forming portions 44a
that are squeezed 1n advance are used, the stator core after
stacking need not be plastic-deformed, so that the process-
ability of the spindle motor is improved while a sufficient
effective sectional area of the winding portion is maintained.
The same operations and effects as those described above
can be obtained even if the number of second core forming
members stacked is increased as required.

In the plurality of embodiments described above, com-
paratively low-profile spindle motors having six or less
stacked core forming members are described.

However, the present invention 1s not limited to these, but
can also be applied to a high-profile spindle motor having a
large number of stacked core forming members.
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FIG. 19 shows a high-profile spindle motor 23 in the type
of a brushless DC servo motor and incorporated in a
magnetic disk drive. This spindle motor 23 has a bracket 27
which is fitted in a through hole 26 formed in a bottom wall
12a of a housing 10 of the magnetic disk drive and is fixed

to the bottom wall 12a with a plurality of screws. A
stationary support shaft 60 stands upright at the central

portion of the bracket 27. A hub 62 serving as the rotor of

the spindle motor 25 is rotatably supported by the support
shaft 60.

‘More specifically, the hub 62 is formed to integrally have
a cylindrical circumferential wall 63 and a cylindrical sup-
port 64 coaxially provided inside the circumferential wall
63. The support 64 is arranged outside the support shaft 60
to be coaxial with it, and is supported by it through a pair of
ball bearings 65. Accordingly, the hub 62 is supported by the
support shaft 60 to be rotatable about a central axis C.

The circumferential wall 63 has an annular flange 67
projecting from its outer circumferential surface outward in
the radial direction. An annular magnet 66 forming part of
a magnetic circuit is fixed to the inner circumferential
surface of the circumferential wall 63. The hub 62 is made
of a magnetic material, and the circumferential wall 63 has
a function of a back yoke.

Three magnetic disks 164, 165, and 16c are mounted on
the hub 62. These magnetic disks are coaxially fitted on the
outer circumferential surface of the circumferential wall 63
~ of the hub 62, and are stacked on the flange 67 in the axial
direction. A pair of spacer rings 68 are fitted on the circum-
ferential wall 63 of the hub 62 and located among each two
adjacent magnetic disks.

An annular fixing ring 70 is fixed to the upper end of the
hub 62 with a plurality of screws 69 separated from each
other in the circumterential direction. The fixing ring 70 has
an outer diameter larger than the outer diameter of the hub
62 and the inner diameter of cach magnetic disk 16. Hence,
the magnetic disks 16a, 165, and 16¢ are clamped between
the flange 67 formned on the hub 62 and the fixing ring 70
through the spacer rings 68, and are held on the hub 62 to
be rotatable together with the hub 62 about the central axis
C

A screw hole is formed in the upper end of the support
shaft 60, and a screw 72 is screwed in this screw hole
through a through hole 71 formed in a top cover 14 of the
magnetic disk drive. In other words, the lower end of the
shaft 60 is fixed to the bracket 27 of the spindle motor 25,
and the upper end of the shaft 60 is fixed to the top cover 14,
s0 that the support shaft 60 is supported with a double-sided
support structure.

A stator 32 of the spindle motor 25 has a substantially
cylindrical stator core 42 and a plurality of coils 46 mounted
on the stator core 42. The stator core 42 is fixed to the
bracket 27, and is arranged between the circamferential wall
63 and the support 64 of the hub 62 to be coaxial with them.

In the same manner as in the embodiments described
. above, the stator core 42 is formed by stacking a number of
core forming members, and has an annular portion 43, a
plurality of winding portions 44, and pole portions 45
closely opposing a magnet 66. Each winding portion 44 is
squeczed in the direction of the central axis C, i.e., in the
stacking direction, and its stacking thickness is smaller than
the stacking thickness of the annular portion 43 and the pole
portion 45. The coil 46 is wound on each squeezed winding
portion 44.

Also in this still other embodiment having the above
arrangement, the stacking thickness of the stator core 42 can
be increased by increasing the number of core forming
members stacked without increasing the thickness of the
- entire stator 32, i.e., without increasing the thickness of the
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spindle motor 25 in the direction of the central axis C.
Accordingly, the torque characteristics of the spindle motor
25 can be largely improved by increasing the motor constant
without changing the entire height of the spindle motor 25.

When the torque characteristics of the spindle motor 23
are improved, various operations and effects can be
obtained, e.g., reduction in starting time of the magnetic
disk, increase in stability of the rotation of the magnetic disk
against the load, realization of an increase in capacity in
accordance with an increase in number of mounted magnetic
disks, and the like.

The spindle motor and its manufacturing method accord-
ing to the present invention are not limited to those of a
magnetic disk drive, but can be similarly applied to spindle
motors used in other applications, as a matter of course.

As has been described above in detail, according to the
present invention, a spindle motor, the magnetic circuit
characteristics of which are improved without increasing the
entire thickness, and its manufacturing method can be
provided, and a small-size spindle motor having a decreased
entire thickness and its manufacturing method can also be.
provided when the same magnetic circuit characteristics are
set.

Furthermore, according to the present invention, a mag-
netic disk apparatus having the spindle motor described
above and improved starting speed, stability, and the like can
be provided.

Additional advantages and modifications will readily
occur to those skilled in the art. Therefore, the invention in
its broader aspects is not limited to the specific details,
representative devices, and illustrated examples shown and

‘described herein. Accordingly, various modifications may be

made without departing from the spirit or scope of the
general inventive concept as defined by the appended claims
and their equivalents.
What 1s claimed is:
1. A spindle motor comprising:
a rotor rotatable about a central axis and having an inner
circumferential surface on which a magnet is provided;
and |

a stator arranged inside the inner circumferential surface
to oppose the magnet;

said stator including: | |

a stator core formed by coaxially stacking a plurality of
plate-shaped annular core forming members, each
annular core forming member having an annular
portion coaxial with the central axis, a winding
portion projecting from the annular portion radially
with respect to the central axis, and a pole portion
formed on the extended end of the respective wind-
ing portion and opposing the magnet, said stator core
formed by squeezing the entire winding portion of all
stacked annular core forming members in a direction
of the central axis by plastic formation such that a
thickness thereof in the direction of the central axis
is smaller than those of the annular portion and each
of the pole portions, and

a coil wound entirely within the squeezed winding
portion of all stacked members.

2. A spindle motor according to claim 1, wherein each of
said winding portions of the stator core is squeezed such that
a width thereof in a circumferential direction with respect to
the central axis is larger than a width thereof before plastic
formation, and such that a length of the stator core in aradial
direction with respect to the central axis is held substantially
constant during the plastic formation.

3. A spindle motor according to claim 1, wherein said
stator core includes annular, plate-shaped first and second
core forming members which are stacked coaxially,
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the first core forming member has an annular portion, a
plurality of winding forming portions extending from
the annular portion radially outward, and pole portion
forming portions formed at extending ends of the
respective winding forming portions, each of the wind-
ing forming Portions being squeezed in a direction of
plate thickness by plastic formation so as to have a
small thickness and such that two end portions therecof
in a circumferential direction of the annular portion are
bent in an axial direction of the annular portion to form
a pair of bent portions,

the second core forming member has an annular portion,
a plurality of winding forming portions extending from
the annular portion radially outward, and pole portion
forming portions formed at extending ends of the
respective winding forming portions, and

the first and second core forming members are stacked
such that at least one second core forming member is
interposed between two first core forming members,
and each winding forming portion of the second core
forming member is located between the pair of bent
portions of a corresponding winding forming portion of
the first core forming member.

4. A spindle motor according to claim 1, wherein each of
the coill winding portions 1s squeezed by forces applied
thereto in opposite directions such that a squeezed extent

decreases from the outermost core forming members in the
coil winding portion to a central core forming member

therein.
5. A spindle motor according to claim 1, wherein the
squeezed portions of the core forming members in each of

the winding portions are in tight contact with each other in
the direction of the central axis such that there are no air gaps

between the corresponding winding portions of the core
forming members, and wherein the coil wound on each of

the squeezed winding portions is at least partly embedded in
the stator core.

6. A spindle motor comprising:

a rotor rotatable about a central axis and having an inner
circumferential surface on which a magnet is provided;
and -

a stator arranged inside the inner circumferential surface
to oppose the magnet;

said stator including: .

a stator core having an annular portion coaxial with the
central axis, a plurality of winding portions project-
ing from the annular portion radially with respect to
the central axis, and pole portions formed on extend-
ing ends of the respective winding portions and
opposing the magnet, each of the winding portions
being squeezed in a direction of the central axis by
plastic formation such that a thickness thereof in the
direction of the central axis is smaller than those of
the annular portion and each of the pole portions, and

a coil wound on each of the squeezed winding portions;

said stator core having annular, plate-shaped first and
second core forming members which are stacked
alternately and coaxially,

the first core forming member having an annular
portion, a plurality of winding forming portions
extending from the annular portion radially outward,
and pole portion forming portions formed at extend-
ing ends of the respective winding torming portions,
each of the winding forming portions having a pair
of extending portions arranged with a predetermined
gap in a circumferential direction of the annular
portion,
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the second core forming member having an annular
portion, a plurality of winding forming portions
extending from the annular portion radially outward,
and pole portion forming portions formed at extend-
ing ends of the respective winding forming portions,
each of the winding forming portions of the second
core forming member having a width substantially
equal to the gap between the pair of extending
portions of the first core forming member, and

each of the winding portions of the stator core formed
by stacking the first and second core forming mem-
bers being squeezed in a stacking direction thereof,
and each of the winding forming portions of the
second core forming member being accommodated

between the extending portions of a corresponding
winding forming portion of the first core forming
member.

7. A spindle motor comprising:

a rotor rotatable about a central axis and having an inner
circumferential surface on which a magnet is provided;
and

a stator arranged inside the inner circumferential surface
to oppose the magnet;

said stator including: |

a stator core having an annular portion coaxial with the
central axis, a plurality of winding portions project-
ing from the annular portion radially with respect to
the central axis, and pole portions formed on extend-
ing ends of the respective winding portions and
opposing the magnet, each of the winding portions
being squeezed in a direction of the central axis by
plastic formation such that a thickness thereof in the
direction of the central axis is smaller than those of
the annular portion and each of the pole portions, and

a coil wound on each of the squeezed winding portions;

said stator core having annular, plate-shaped first and
second core forming members which are stacked
coaxially,

the first core forming member having an annular
portion, a plurality of winding forming portions
extending from the annular portion radially outward,
and pole portion forming portions formed at extend-
ing ends of the respective winding forming portions,
each of the winding forming portions being squeezed
in a direction of plate thickness by plastic formation
so as to have a small thickness and such that two end
portions thereof in a circumferential direction of the
annular portion are bent in an axial direction of the
annular portion to form a pair of bent portions,

the second core forming member having an annular
portion, a plurality of winding forming portions
extending from the annular portion radially outward,
and pole portion forming portions formed at extend-
ing ends of the respective winding forming portions,
and

the first and second core forming members being
stacked such that at least one second core forming
member is interposed between two first core forming
members, and each winding forming portion of the
second core forming member is located between the
pair of bent portions of a corresponding winding
forming portion of the first core forming member.
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